Objective: Visual hallucinations (VH) most commonly occur in eye disease (ED), Parkinson's disease (PD), and Lewy body dementia (LBD). The phenomenology of VH is likely to carry important information about the brain areas within the visual system generating them. Methods: Data from five controlled cross-sectional VH studies (164 controls, 135 ED, 156 PD, 79 (PDD 48 + DLB 31) LBD) were combined and analysed. The prevalence, phenomenology, frequency, duration, and contents of VH were compared across diseases and gender. Results: Simple VH were most common in ED patients (ED 65% vs. LBD 22% vs. PD 9%, Chi-square [χ 2 ] test: χ 2 =31.43, df=2, p<0.001), whilst complex VH were more common in LBD (LBD 76% vs. ED 38%, vs PD 28%, Chi-square test: χ 2 =96.80, df=2, p<0.001). The phenomenology of complex VH was different across diseases and gender. ED patients reported more "flowers" (ED 21% vs. LBD 6% vs. PD 0%, Chi-square test: χ 2 =10.04, df=2, p=0.005) and "body parts" (ED 40% vs. LBD 17% vs. PD 13%, Chi-square test: χ 2 =11.14, df=2, p=0.004); in contrast LBD patients reported "people" (LBD 85% vs. ED 67% vs. PD 63%, Chi-square test: χ 2 =6.20, df=2, p=0.045) and "animals/insects" (LBD 50% vs. PD 42% vs. ED 21%, Chi-square test: χ 2 =9.76, df=2, p=0.008). Males reported more "machines" (13 % vs. 2%, Chi-square test: χ 2 =6.94, df=1, p=0.008), whilst females reported more "family members/children" (48% vs. 29%, Chi-square test: χ 2 =5.10, df=1, p=0.024).
complex VH of images of people associated with hypoperfusion in the bilateral parietal areas and left ventral occipital gyrus. (22) VH is mostly assessed using questionnaires relying on informant or patient information. Existing questionnaires tend to underestimate the characteristics of VH. (11) Very few are designed to be used across diseases. The North East Visual Hallucination Inventory (NEVHI)(3) is an exception and has been developed for patients with visual and/or cognitive impairments and screens for different phenomenology and characteristics including frequency and severity. The aim of the present study was to compare the phenomenology and characteristics of VH in ED, PD, LBD patients using the NEVHI(3) interview based on patient information. (23) We hypothesized that the phenomenology and characteristics of VH would be different across diseases. We further explored the effects of gender on hallucinatory content.
METHODS

Study Selection and Data Collection
There have been several studies (2-5, 8, 24) using NEVHI(3) since its original publication in 2008. Only controlled cross-sectional NEVHI studies with ED, PD, PDD, and DLB samples using similar methodology were included in this study. Three (3, 4, 8) of them had two sample groups (patients, controls), while the other two had three sample groups (controls, ED, DLB;(2) controls, PD, PDD (5) ).
The control groups which included friends/relatives (2, 8) or spouses of patients, (2, 3, 5, 8) volunteers recruited via advertisement in the Newcastle Elders magazine(4) and in a local church (3, 4) and healthy controls from the research database held at the Institute for Ageing, Newcastle University (3, 5) comprise the comparison group in this study. Diagnostic criteria were met using the revised International Consensus Guidelines from the third report of the DLB consortium for DLB, the Movement Disorder Society consensus criteria for dementia associated with PD for PDD, and the UK PD Society Brain Bank Clinical Diagnostic Criteria for PD. The principal investigators of these studies agreed to contribute their original data for the present study. Data were collected in accordance with the latest version of the Committee, United Kingdom. All procedures related to the study were explained to the participants and a written informed consent was obtained prior to participation. All data were merged into a single database   including 164 individuals in the comparison group and 383 patients (135 ED, 156 PD, 48 PDD, 31 DLB,   13 with combination of ED/PD/PDD/DLB). The latter 13 patients were excluded from further analysis. A sub-analysis of VH phenomenology did not reveal any differences between DLB and PDD patients, which were subsequently considered as one LBD group. PD and LBD patients were only included if they had no visual field defects on neurological examination.
Assessments
An interview was used to gather demographic data in all studies. Best near visual acuity was examined using Landolt broken rings or Snellen Charts at a test distance of 40 cm. (3) Complex VH were grouped into the categories: "people" (anonymous or family members/children), "body parts", "animals/insects", "machines", and "letters/numbers/musical notes". (7, 13, 15) Prevalence, phenomenology, frequency, duration and severity of VH were compared between the (i) comparison group and patients and (ii) different patient groups (ED, PD, LBD). The phenomenology of Complex VH was also compared between gender.
Statistical analysis
Statistical analysis was undertaken using the Statistical Package for Social Sciences (SPSS Version 20).
Normal distribution of data was examined using the Shapiro-Wilk test. Means and standard deviations (SD) were calculated. Data were analysed using parametric tests (one-way analysis of variance (ANOVA)). Multiple comparisons were assessed with Post-hoc Bonferroni tests. Frequencies were compared using the chi-square (χ 2 ) test and Fisher's exact test when expected frequency in either group was < 5. The effect of gender, disease and interaction of gender × disease on contents of complex VH was tested using a two-way ANOVA (Effect sizes are reported using partial η 2 ), whilst logistic regression was used to ascertain whether the VH phenomenology could significantly predict the disease. The homogeneity of variance of the interaction model was tested using Levene's test, while goodness-of-fit of the regression model was tested using Hosmer and Lemeshow test. All reported p-values are two-tailed and a p-value < 0.05 was considered significant.
RESULTS
Demographics
The demographics and clinical characteristics are summarised in Table 1 . The groups did not differ in education, but females were overrepresented in the ED group and the ED and LBD groups tended to be older than the other groups. The ED group had, as expected, the lowest visual acuity score and the LBD group performed poorest in all cognitive measures (MMSE, verbal and categorical fluency) compared to all other groups. When the PD and LBD groups were compared disease duration was not different, but the LBD group had higher UPDRS III scores. PD and LBD had also higher ESS and more RBD than the ED or comparison groups.
- Table 1 about here-
Visual hallucination phenomenology
The 1-year prevalence of any type of VH was not different between ED and LBD (84% vs. 86%; Chisquare test: χ 2 = 0.22, df = 1, p = 1.000), but the ED and LBD groups had more VH than the PD patients (PD vs. ED: 66% vs. 84%, Chi-square test: χ 2 = 11.82, df = 1, p = 0.002; PD vs. LBD: 66% vs. 86%, Chisquare test: χ 2 = 10.64, df = 1, p = 0.004). The phenomenology of VH across diseases is summarised in Table 2 . Complex VH were exclusively found in patients and not in the comparison group, although some in the comparison group reported visual illusions. Complex VH were most commonly observed in LBD patients and the observed 1-year prevalence was two or three times higher than in PD or in ED. In addition, the passage of shadow and feeling of presence were more common in LBD than in the other groups, but the group differences were less distinct. The simple VH were the most common hallucination in ED, while they are rarely observed in PD or in the comparison group.
- Table 2 about here-
Frequency, duration and distress of visual hallucinations
The VH of patients occurred more frequently (weekly or daily) compared to those in the comparison group (monthly) as shown in Table 3 . Daily hallucinations were most commonly reported by the ED patients, whereas LBD and PD patients experienced them on a weekly or monthly basis. The VH occurred for minutes to maximal 2 hours with no major difference between the groups. Long-lasting hallucinations (> 2 hours) were rare and commonly reported by LBD patients. A tendency to more irritating and frightening hallucinations was found in LBD whilst only a minority of the ED and PD patients found their hallucinations distressing.
- Table 3 about here -
Phenomenology of complex visual hallucinations across diseases
The details of the phenomenology of complex VH in patients are summarized in Table 4 . The most common complex VH experienced was of "people", followed by "animals/insects". ED patients reported more "flowers" and "body parts" than the other groups and LBD patients more often reported hallucinations containing "people".
- Table 4 about here -
Phenomenology of complex visual hallucinations across gender
The differences in the phenomenology of complex VH across gender irrespective of the diseases are summarized in Table 5 . Both male and female patients reported "people" equally frequently. However, "family members/children" were more commonly reported by females and "anonymous people" were more common in males. In addition, VH containing "body parts" were more often reported by female patients, whilst male patients reported more VH containing "machines".
- Table 5 about here -
Effect of gender, disease and interaction of gender × disease on complex visual hallucination phenomenology
There was a main effect of gender on "anonymous people" (two-way ANOVA: F (df 1,134) = 5.109, p = 0.025, partial η 2 = 0.037), "family members/children" (two-way ANOVA: F (df 1,136) = 8.172, p = 0.005, partial η 2 = 0.057 ), and "machines" (two-way ANOVA: F (df 1,136) = 9.531, p = 0.002, partial η 2 = 0.065), whilst disease had a main effect on "people" (two-way ANOVA: F (df 2,136) = 3.331, p = 0.039, partial η 2 = 0.047), "family members/children" (two-way ANOVA: F (df 2,136) = 3.994, p = 0.021, partial η 2 = 0.055), "body parts" (two-way ANOVA: F (df 2,136) = 3.328, p = 0.039, partial η 2 = 0.047), "animals/insects" (two-way ANOVA: F (df 2,136) = 5.042, p = 0.008, partial η 2 = 0.069), and "flowers" (two-way ANOVA: F (df 2,126) = 7.163, p = 0.001, partial η 2 = 0.102). Two of the above main effects were qualified by a significant gender × disease interaction which was only present in ED with a female gender effect on "family members/children" (two-way ANOVA: F (df 1,136) = 5.093, p = 0.026, partial η 2 = 0.036) and a male gender effect on "machines" (two-way ANOVA: F (df 1,136) = 7.973, p = 0.005, partial η 2 = 0.055).
Association between the visual hallucination phenomenology and diseases:
The significant disease predictors were simple VH for ED (Logistic regression: Odds ratio [OR] = 12.1, 95% confidence interval [CI] = 6.653 -21.939, Wald χ 2 = 67.004, df = 1, p < 0.001, Nagelkerke R 2 = 0.396), feeling of presence/passage for PD (Logistic regression: OR = 1.910, 95% CI = 1.065 -3.425, Wald χ 2 = 4.719, df = 1, p = 0.030, Nagelkerke R 2 = 0.160) and complex VH for LBD (Logistic regression: OR = 13.126, 95% CI = 5·928 -29·063, Wald χ 2 = 40.303, df = 1, p < 0·001, Nagelkerke R 2 = 0·310).
DISCUSSION
This study assessed the prevalence and phenomenology of VH in the comparison group, ED, PD and LBD using the same standardised and validated assessment. As hypothesised, the phenomenology of VH was different across diseases: (i) simple VH were most commonly experienced in ED whilst complex VH was the most common form of hallucination in LBD, (ii) VH occurred more frequently in ED (daily basis) than in PD and LBD, (iii) longer, irritating and frightening episodes of VH were common in LBD, (iv) complex VH features like "people", "family members/children" were reported more frequently in LBD, whilst "flowers" and "body parts" were reported more commonly in ED. In addition, female patients reported more hallucinations of "family members/children", while male patients reported more "machines". The predictors for diseases were simple VH for ED, feeling of presence/passage for PD and complex VH for LBD. This is the first time that VH phenomenology and characteristics were compared across diseases in which VH are common using the same methodology and a largest ever published sample size for these diseases.
The 1-year prevalence of VH in our combined study are in line with the individual ED, PD and LBD studies reported before. (3, 5, 13) However, the 1-year prevalence of complex VH in PD in our study is lower owing to the clear differential diagnosis of PD and PDD, which before the year 2004 were studied as a single group. Our results confirm the highest prevalence of simple VH in ED (13, 31 ) and highest prevalence of complex VH in LBD. (7) This supports the assumption that simple VH are related to pathology within the primary retino-cortical visual system,(31) whereas complex VH are likely tied to higher cortical dysfunction in the context of LB pathology; (13, 14, 16, 31) for example, LB pathology within the temporal and ventral visual stream has been linked to a higher prevalence of complex VH in LBD. (16) In addition, the well-formed quality of complex VH suggests involvement of regions outside the primary visual areas. In our study, both complex VH and irritating, frightening episodes of VH were common in LBD, whereas increased visual excitability has been previously reported as a marker for frequency × severity of complex VH in LBD. (8) The two different predictors, simple VH for ED and complex VH for LBD also support assumptions that VH are clinically useful disease-specific predictors. (6) Comparing our results with previous studies, (7, 10, 11, 13) features like "inverse hats" reported previously in ED patients (13) were rarely reported by our patients, but overall our results are in line with studies that have reported features like "people" and "animals" as the most common categories of images 
